The first direct observation of a hyperfine splitting in the optical regime is reported. The wavelength of the M 1 transition between the F = 4 and F = 5 hyperfine levels of the ground state of hydrogenlike 209Bi 82 + was measured to be Ao = 243.87(4) nm by detection of laser induced fluorescence at the heavy-ion storage ring ESR at GSI. In addition, the lifetime of the laser excited F = 5 sublevel was determined to be 70 = 0.351 (16) ms. The method can be applied to a number of other nuclei and should allow a novel test of QED corrections in the previously unexplored combination of strong magnetic and electric fields in highly charged ions. PACS numbers: 32.30.Jc, 12.20.Fv, 35.10.Fk The ground state of hydrogen and its heavier isotopes exhibit hyperfine structure (hfs) splitting caused by magnetic interaction of the 1s electron and the nucleus. This energy difference has been an important experimental and theoretical test ground for an improved understanding of nuclear structure [1] and quantum-electrodynamic (QED) effects [2] . In particular, the 1.4 GHz splitting frequency in hydrogen, corresponding to a wavelength of 21 cm, has been the subject of precision microwave spectroscopy [3] [4] [5] , eventually providing the hydrogen maser with a relative frequency accuracy of 7 X 10-13 [6] . The extensive work on hydrogen hfs strikingly illustrated the potential for extending ground state hfs investigations to hydrogenlike ions. Nevertheless, microwave measurement of the l s splitting in 3He+ [7] has not been followed by further steps to higher-Z ions. This stagnation can be explained by the difficulty of producing and maintaining an ensemble of highly charged hydrogenlike ions that are suitable for precision measurements. In addition, with the increase of the hfs splitting energies proportional to Z3, these transitions are no longer accessible to microwave spectroscopy. In some cases, ground state hfs was reported to be observed in x-ray spectra recorded after electron capture from the K shell [8] . However, this could not be used for precision studies. Exceptional examples are found in muonic atoms, where the ground state hyperfine splitting has been measured to aprecision of a few percent in 209Bi [9] and 203,2o5TI [10] .
The first direct observation of a hyperfine splitting in the optical regime is reported. The wavelength of the M 1 transition between the F = 4 and F = 5 hyperfine levels of the ground state of hydrogenlike 209Bi 82 + was measured to be Ao = 243.87(4) nm by detection of laser induced fluorescence at the heavy-ion storage ring ESR at GSI. In addition, the lifetime of the laser excited F = 5 sublevel was determined to be 70 = 0.351 (16) ms. The method can be applied to a number of other nuclei and should allow a novel test of QED corrections in the previously unexplored combination of strong magnetic and electric fields in highly charged ions. The ground state of hydrogen and its heavier isotopes exhibit hyperfine structure (hfs) splitting caused by magnetic interaction of the 1s electron and the nucleus. This energy difference has been an important experimental and theoretical test ground for an improved understanding of nuclear structure [1] and quantum-electrodynamic (QED) effects [2] . In particular, the 1.4 GHz splitting frequency in hydrogen, corresponding to a wavelength of 21 cm, has been the subject of precision microwave spectroscopy [3] [4] [5] , eventually providing the hydrogen maser with a relative frequency accuracy of 7 X 10-13 [6] . The extensive work on hydrogen hfs strikingly illustrated the potential for extending ground state hfs investigations to hydrogenlike ions. Nevertheless, microwave measurement of the l s splitting in 3He+ [7] has not been followed by further steps to higher-Z ions. This stagnation can be explained by the difficulty of producing and maintaining an ensemble of highly charged hydrogenlike ions that are suitable for precision measurements. In addition, with the increase of the hfs splitting energies proportional to Z3, these transitions are no longer accessible to microwave spectroscopy. In some cases, ground state hfs was reported to be observed in x-ray spectra recorded after electron capture from the K shell [8] . However, this could not be used for precision studies. Exceptional examples are found in muonic atoms, where the ground state hyperfine splitting has been measured to aprecision of a few percent in 209Bi [9] and 203,2o5TI [10] .
We report here on the measurement of the ground state hfs splitting of hydrogenlike 209Bi 82+, the heaviest stable nuclide existing in nature. For heavy hydrogenlike ions, the wavelength of transitions between the ground state hfs components is shifted into the optical region accessible to laser spectroscopy [11] . The measurement was performed at the ESR heavy ion cooler storage ring at GSI [12] . Highly charged ions were produced with an efficiency of about 30% by in-flight stripping of lower-charged bismuth ions accelerated to 200 MeV/nucleon in the heavy-ion synchrotron SIS. Hydrogenlike ions were then selected from the resulting charge state distribution and injected into the ESR storage ring. The high initial velocity spread of the ions was significantly reduced by electron cooling [13] . Since the beam lifetime in the storage ring was longer than one hour, it was possible to increase the beam intensity in the storage ring by accumulation of a number of cycles of the SIS. Up to 1. A broad-band option for the dye laser was developed to enable a search over a wide wavelength region during the limited beam time available. The linewidth of the laser was increased to 120 GHz, compared with 4 GHz in the standard version, by replacing the grating with a prism as the tuning element [14] . After the line was first observed, the narrow-band option was reinstalled and used to produce the laser excitation spectrum shown in Fig. 2(a) . The wavelength was calibrated by absorption spectroscopy in a l30Te vapor cell [15] .
The resonance was found at a laser wavelength of A = 477.794(4) nm. The quoted error is 10% of the Doppler width, which was 40 GHz as expected. The laboratory value A corresponds to Ao = 243.87(4) nm in the rest frame of the ions. The uncertainty in the rest frame value is indicated by the error bar in Fig. 2(a) and is dominated by the uncertainty in determination of the ion velocity in the ring 11/ = 1.9 X 10-4 , entering as The effects of divergence and relative angle of the laser and ion beams are negligible compared to the velocity uncertainty.
The fluorescence decay curve acquired after the pulsed excitation is shown in Fig. 2(b) . The extracted lifetime for an ion at rest, 70 = 0.351(16) ms, is about 15% shorter than given by [16] . It should be noted, however, that in addition to the quoted statistical error a reduction of the F = 5 lifetime by specific deexcitation processes in the storage ring cannot be completely excluded.
A complete theoretical evaluation of the hyperfine splitting is not presently available. Recent calculations [16, 17] take into account the distributions of the extended nuclear charge and nuclear magnetization (Bohr-Weisskopf effect) but do not include contributions from QED. A transition wavelength between 242.3 and 244.8 nm is obtained, depending mostly on the particular treatment of 10 which is 40 GHz in the laboratory frame of the conditions given above. Because of the low transition probability, the MI decay of the F = 5 sublevel takes place along the entire ESR orbit of 108.25 m. To collect fluorescence from a maximum solid angle, a 60 cm long cylindric elliptical mirror system was installed in the ultrahigh vacuum beam tube of the storage ring. A fraction of 5 X 10-4 of the total emission in the ring is focused through sapphire windows on three photomultipliers outside of the vacuum, The Doppler effect causes a wide spectral distribution of the emitted light, ranging from 128 to 490 nm. Photons were accepted between the transmission cutoff of the sapphire windows at about 200 nm and the edge of a color-glass filter at 450 nm. This filter was necessary to suppress scattered laser light.
The detected fluorescence exhibits a time structure since only part of the ions in the ring can be excited by each laser pulse. This results in a modulation with the revolution frequency of the ions of 1.626 MHz corresponding to the revolution time of 615 ns. A time interval of 120 ns of signal is followed by about 495 ns, where ions not irradiated by the laser are passing the detector. This pattern is maintained throughout the decay time by virtue of the low velocity spread of the stored ions. In order to achieve an optimum suppression of stray light, the data taking electronics were triggered with a delay of 3 J.LS with respect to the laser pulse. The time information for every photon was recorded together with laser wavelength and intensity and the actual ion current in the ring. This allowed a software gating of the time intervals during which excited ions were passing the detector. In addition, it was possible to determine the lifetime of the excited hyperfine level with an efficient elimination of background. the Bohr-Weisskopf shift, which has a total magnitude of about 6 nm.
Up to now, only the vacuum polarization (VP) term of the QED corrections has been calculated, resulting in a shift of -1.6 nm [17, 18] . Calculations of the self-energy (SE) contributions in a combination of strong magnetic and electric fields are under way. Together with the above VP correction and the splitting energy calculated without QED, the experimental transition wavelength of 243.87(4) nm can be used to extract a range of values for the relative size of the SE and VP contributions. Ratios between SEjVP = -0.4 and -2 are obtained, differing substantially from SEjVP~-4 found in the computations of the Lamb shift in heavy hydrogenlike ions [19] .
Presently, the experimental accuracy cannot be fully exploited due to uncertainty in the computation of the distribution of nuclear magnetism. Nuclei close to the double shell closure at 208Pb, however, should exhibit a pronounced shell structure. In these favorable cases, semiempirical calculations reproduce the measured magnetic dipole moments with high precision [20] . Also, details of single-particle aspects of the nuclear charge distribution are weIl described by recent nuclear structure calculations in lead [21, 22] . These successes support the assumption that calculation of the magnetic moment distributions should also reach a satisfying precision for these nuclei.
Since the new laser approach can be applied to a family of test cases, it will provide a sound experimental basis for the separation of nuclear and QED effects. The signal-tonoise ratio obtained for the resonance line clearly demonstrates the potential for extension to other, experimentally more demanding candidates. A straightforward application will be 207Pb 81 +, where the main single-particle contribution is the unpaired neutron rather than the proton in 208Bi 82 + . The different transition lifetimes of the upper hfs states of lead and bismuth will also address the problem of deexcitation in the ESR. Furthermore, measurements on lead can eliminate most of the uncertainty caused by the ion velocity. The Doppler-shifted laser wavelengths remain in accessible spectral regions for both parallel and antiparallel excitation. Thus, performing the experiment in both geometries simultaneously, the Doppler shift can be determined independently, allowing accuracy in the ppm region.
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